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osting by EAbstract Natural feed ingredients (corn, barley and wheat bran) and compound feed (manufac-
tured pellet) are two types of fodder used for animal feeding, especially camel in Saudi Arabia.
Twenty samples of each type of fodder were collected from seven different regions and screened
for the presence of fungi, aﬂatoxins, ochratoxin and zearalenone. Fungal isolation of natural feed
ingredients yielded 10 genera and 38 species of different fungi. Compound fodder samples were
contaminated with 16 genera and 32 species of fungi. Total counts of Aspergillus, Penicillium and
Fusarium in the animal feed samples were ranged from 54 to 223 · 103, 31.9 to 60 · 103 and 18
to 29 · 103 CFU/g, respectively. These isolates when tested for aﬂatoxin, ochratoxin and zearale-
none producing ability, revealed this property in only four isolate, identiﬁed as Aspergillus ﬂavus,
A. parasiticus, A. ochraceus and Fusarium graminaerum. The percentage of toxigenic fungi was ran-
ged from 5.5% to 30% for natural feed ingredients and from 4.5% to 20% for compound feed. The
incidence of aﬂatoxins (AFT) in samples of natural feed ingredients was found to be ranged from
1 to 24.8 ppb, ochratoxin A (OTA) ranged from 1 to 44 ppb and zearalenone (ZON) ranged from
1 to 23 ppb. Contamination of compound feed with aﬂatoxin and ochratoxin A was ranged from
1 to 6.4 ppb and 1 to 4.7 ppb, respectively. All samples collected were found contaminated with
fungi or their toxins and natural feed samples were more contaminated compared to compound
feed samples. The concentrations detected were in the allowed limit (<20 ppb) except four samples
of natural feed ingredients which were above the allowed limit of the tested mycotoxins. In conclu-
sion, feed samples were contaminated with fungi and some toxigenic isolates which were responsible
about mycotoxin production. Some samples had exceeded amount of AFT, OTA and ZON and
may be contaminated with other mycotoxins which mean implication of fungi in camel health prob-
lems and death in Saudi Arabia.
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ity. All rights reserved. Peer-
d University.
lsevier1. Introduction
Camels, nicknamed ‘‘ships of the desert’’ and reputed for their
sturdiness and resilience, have since been dying in large num-
bers in Saudi Arabia. The count based on press reports shows,
however, that at least 5000 camels have died and thousands
74 F.M. Bokharimore have become sick, in a country which boasted around
862,000 camels in 2005 (Ministry of Agriculture announced,
8 September 2007). The afﬂicted camels lose control of their
movements and suffer a cerebral hemorrhage and total paral-
ysis. Many owners have attributed the deaths of thousands of
camels to the bran used in animal feeding instead of barley,
whose price has been spiraling and due to ‘‘toxic fodder ‘‘con-
taminated with mycotoxins (http://www.promedmail.org).
Mycotoxins are fungal secondary metabolites that have been
associated with severe toxic effects to vertebrates called myco-
toxicoses which represent a diagnostically difﬁcult problem
(Barly and Vadehara, 1999; CAST, 2003). Mycotoxin-induced
disease syndromes can be confused with other diseases caused
by pathogenic microorganisms. Mycotoxins produced by
many important phytopathogenic and food spoilage fungi
including Aspergillus, Penicillium, Fusarium, and Alternaria
species (Anon, 1980). They produce aﬂatoxins, patulin, ochra-
toxin A and zearalenone. The contamination of foods and ani-
mal feeds with these mycotoxins is a worldwide problem
(Ngindu et al., 1982; Smith et al., 1994; Averkieva, 2009).
Sixty-three isolates of Aspergillus, Penicillium and Fusarium,
isolated from corn grains and sunﬂower seeds collected from
Egypt. Eleven different known mycotoxins (aﬂatoxin B1, B2,
G1 and G2, sterigmatocystin, ochratoxin A, citrinin, and zea-
ralenone) were detected in the extract of these isolates (Abdel-
Mallek et al., 1993).
Aﬂatoxins, particularly in animal feed stuffs, pose serious
public health hazards since these are very toxic (Krishnama-
chari et al., 1975; Yaling et al., 2008), excreted in animal prod-
ucts like milk (Abd Alia et al., 2000) and eggs (Aly and Anwer,
2009). They were detected for the ﬁrst time from Brazilian
groundnut meal which caused the death of about 100,000
turkeys during 1960 in England (Mehan et al 1991). Since
then these have been detected from many other food and feed
stuffs being used for man, animals and poultry (Binder et al.,
2007).
Ochratoxin A (OTA) is a mycotoxin produced by some
strains of Penicillium and Aspergillus molds that naturally con-
taminate food and feed under all climatic conditions (Fung
and Clark, 2004). It is a nephrotoxic and carcinogenic myco-
toxin, formed during the storage of cereal grains and other
plant-derived products.
Zearalenone is a mycotoxin produced by several ﬁeld fun-
gi, including many isolates of genus Fusarium. The toxin is
common in wheat, maize and maize products, but can be
found in soybeans, various cereals and grains and their
by-products as well (EFSA, 2004). Moreover, zearalenone
seems to occur on grass, hay and straw resulting in addi-
tional exposure of animals from roughage and bedding.
Co-occurrence with other Fusarium toxins, particularly
deoxynivalenol, nivalenol, and fumonisins is regularly ob-
served. In domestic animals, like in all mammalian species,
zearalenone interacts with oestrogen receptors, resulting in
an apparent hyperoestrogenism, including reduced fertility
(Kim et al., 2003).
The present work was designed to reveal the prevalence
of fungi and their toxins in two types of feed stuffs com-
monly used in animal and camel feeding in Saudi Arabia.
The percentage of toxigenic fungi and quantities of some
mycotoxins in collected feed stuffs were also detected so that
the health hazards inﬂicted by these mycotoxins could be
assessed.2. Material and methods
2.1. Sample collection
A total of 40 samples of different feedstuffs including natural
feed (20 samples) and compound feed (20 samples) were col-
lected from various animal feed factories, animal shelter, store-
house and fodder markets from vendor or distributors at Saudi
Arabia during April to September 2008. Among these samples,
eight were apparently barley grains, eight maize grains, four
wheat bran samples and 20 were compound feed. Samples
were collected from six different regions in Saudi Arabia (Jed-
dah, Al-Riyadh, Dammam, Hafer el Baten, El-Kharg and
Breda).
2.2. Moisture content of the fodder samples
The moisture content of the samples was directly determined
by dry weight method (Aziz, 1987). About 100 g of each
sample was transferred to an oven at 60 C under vacuum
for 12–24 h and until a constant weight. Percentage of water
content was calculated for each sample.
2.3. Fungal isolation and identiﬁcation
Isolation was carried out by the method described by
Kaca´niova´ (2003) For determinations of fungal colony-form-
ing units (CFU), 20 g of ground fodder sample were soaked
in 100 ml sterile tap-water containing 0.02% Tween 80 and
shaked 30 min. Serial dilutions (from 101 to 105) in sterile
tap-water with 0.02% Tween 80 were prepared and 1ml ali-
quots were inoculated on plats of Czapek-Dox agar and Oat
meal agar (Merck, Germany) using the spread-plate technique.
Total fungal CFU g 1 counts in samples were determined after
10 days of incubation at 28 C and the developing fungi were
identiﬁed according to macro and microscopic characteristics
as described in Raper and Fennell (1965), Moubasher (1993)
and Samson et al. (1995). The total counts (TC) of each species
of fungi were calculated and divided by the dry weight of the
seeds used in milligram (TC/mg).
2.4. Mycotoxin detection by ﬂuorometry method
2.4.1. Total aﬂatoxins quantiﬁcation
The samples were analyzed for total aﬂatoxin using a slightly
modiﬁed immunoafﬁnity method based on Association of
Ofﬁcial Analytic Chemists (AOAC) method (Trucksess et al.
1991). Brieﬂy, the whole sample was ground and a 100 g sub-
sample was removed for analysis. Methanol:water (80:20)
solvent (100 ml) and 5 g NaCl were added to each sample
and the mixture was blended at high speed for 3 min. The mix-
ture was then ﬁltered through a ﬂuted ﬁlter paper (Whatman
2V, Whatman plc, Middlesex, UK), and the ﬁltrate was diluted
(1:4) with water and reﬁltered through a glass–ﬁber ﬁlter
paper. Two milliliters of the glass–ﬁber ﬁltrate was placed on
Aﬂatest P immunoafﬁnity column (VICAM, Watertown,
MA, USA) and allowed to elute at 1–2 drops/s. The columns
were washed two times with 5 ml water, and aﬂatoxin was
eluted from the column with 1 ml high performance liquid
chromatography (HPLC)-grade methanol. A bromine devel-
oper (1 ml) was added to the methanol extract, and the total
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ies-4 ﬂuorometer set at 360 nm excitation and 450 nm
emissions.
2.4.2. Ochratoxin A quantiﬁcation
Ochratoxin was measured using Ochraprep Immunoafﬁnity
Column Procedure. Pass 10 ml of diluted extract through the
Ochraprep immunoafﬁnity column at a rate of about
1–2 drops/s, followed by column washing by buffer solution
and 1.5 ml of Ochratoxin Elution Solution through the Ochra-
prep column at a rate of 1 drop/s and collect all the sample
eluate (1.5 ml) in a glass cuvette, mix well and place the cuvette
in a calibrated ﬂuorometer. Ochratoxin concentration was
measured after 60 s.
2.4.3. Zearalenone quantiﬁcation
Zearalenone was quantiﬁed using Fluorometer Method. EASI-
EXTRACT Zearalenone immunoafﬁnity column procedure
was applied. After sample extraction, pass 5 ml of diluted
extract through the zearalenone immunoafﬁnity column at a
rate of about 1–2 drops/s and wash the column by passing
5 ml of PBS/Tween buffer through the column followed by
passing 10 ml of distilled or deionised water through the col-
umn. To collect zearalenone, 1.5 ml HPLC grade methanol
were passed through the EASI-EXTRACT zearalenone
column at a ﬂow rate of about 1 drop/s and collect all of the
sample eluate (1 ml) in a glass cuvette. Developer solution
0.5 ml was added to the eluate in the cuvette, mix well and
zearalenone concentration was measured after 300 s using
ﬂourometer (Maragos and Kim, 2004).3. Results and discussion
Presence of fungi and their toxic metabolites (mycotoxin) in
fodder and compound feed is virtually inevitable particularly
in developing areas. According to the FDA (1997), each year
millions of tons of foodstuffs are lost as a direct result of myco-
toxin infestation of the world’s food grain crops. Mycotoxins
are unavoidable because they are naturally occurring com-
pounds. They contaminate crops before harvest or invade
feedstuffs during processing, transport or storage (Yaling
et al., 2008). This survey was conducted to obtain information
concerning the incidence and levels of aﬂatoxins, ochratoxin A
and zearalenone in two types of fodder commonly used in ca-
mel feeds.
Forty samples of fodder used in camel feeding in Saudi
Arabia were collected. They were including two types of sam-
ples, either natural product (20 samples including: barley, corn
or wheat bran or compound feed (20 samples)). Samples were
collected from six different regions in Saudi Arabia as shown
in Table 1. From each region, samples were collected from
either feed factories, storehouses of distributor, vendor or sta-
bles. Natural feed (Barley, corn or bran samples) and com-
pound feed were screened on either Czapek’s dox or oat
meal agar for detection of the mycoﬂora associated with them
(Tables 2 and 3). Cultural examination of the natural feed
plates yielded 10 genera and 38 species of different fungi
including 12 species of Aspergillus, seven species of Penicillium,
four species of both Fusarium and Mucor, three of Paecelomy-
ces, three of Curvularia, two of Alterneria, and one of Tricho-
derma, Eurotium and Epicoccum. Fungi incidence in the abovenamed genus, differ from one category of fodder to another.
Examination of 20 samples of compound feed yielded 16 gen-
era of fungi represented by 32 species. Aspergillus, Penicillium,
Fusarium and Alterneria species which considered as common
soil fungi were recognized as major contaminant of the com-
pound feed used for animal diets (Table 3). Fungal occurrence
was ranged from highly, moderate and rare. Total count of
223 · 103 and 60 · 103 CFU/g of the species of Aspergillus
and Penicillium of natural feed samples were found on Cza-
pek’s dox agar whereas 252 · 103 and 66 · 103 CFU/ml were
counted on Oat meal agar which appeared to be more favor-
able to fungal isolation. Using compound feed, total count
of 54.3 · 103, 31.18 · 103 and 18 · 103 CFU/g of the species
of Aspergillus, Penicillium and Fusarium, respectively, were
found on Czapek’s dox agar whereas 70 · 103, 43.3 and
28.5 · 103 CFU/ml were counted on Oat meal agar. The other
genera detected are either non-toxigenic fungi i.e. Mucor or
represented by only one species. Total counts of 17 · 103–
44 · 105 CFU/g fodder, with an average of 30 · 104 CFU/g
fodder were found by Marchis et al. (2009). Cultural examina-
tion of mycotoxin positive feedstuffs by Afzal et al., 1979 in
Pakistan yielded 39 isolates of different fungi including 21 of
Aspergillus, seven of Mucor, six of Rhizopus, four of Fusarium
and one of Penicillium and aﬂatoxin producing ability,
revealed this property in only one isolate, identiﬁed as
Aspergillus parasiticus. More fungal species were counted by
Abdel-Hafez (1984) in Saudi Arabia and El-Shanawany et al.
(2005) in Egypt. Percentage of water content, number of fungal
isolates, Percentage of toxigenic fungi and the quantities of
mycotoxins of natural and compound feed samples were repre-
sented in Tables 4 and 5. Percentage of water content was ran-
ged from 8% to 19% and from 8.9% to 13% for both natural
feed and compound feed respectively. Increasing water content
of natural feed samples compared with that of compound feed
enhanced fungal growth and/or mycotoxin accumulation.
Averkieva (2009) reported that grains and other dry feedstuffs
should be stored at a moisture level of less than 14% and/or
with the use of chemical mould inhibitors to prevent mould
growth. The mycotoxins are found to be produced by four
toxigenic molds, Aspergillus ﬂavus, A. parasiticus, A. ochrac-
eus, and Fusarium graminaerum. The percentage of toxigenic
fungi was ranged from 5.5% to 30.7% for natural feed samples
(Table 4) and from 4.5% to 20% for compound feed samples
(Table 5). Fungal infections of grains and plant product always
occur preharvest by ﬁeld-growing Fusarium species and, under
storage conditions by Aspergillus and Penicillium species.
Contamination of fodder samples by fungi of the genus
Aspergillus and Penicillium were reported by Dutta and Das
(2001) who collected 256 fed sample from different parts of
India which were highly contaminated by A. ﬂavus (198 iso-
lates) and A. parasiticus (15 isolates).
The incidence of mycotoxins in fodder samples was de-
tected using ﬂuorometry methods and EASI-EXTRACT
mycotoxins immunoafﬁnity columns which are very accurate,
not time consuming and detection rate was <1 ppb for each
mycotoxins. The quantities of Aﬂatoxin detected in natural
feed (barley, corn and bran samples) were found to be ranged
from 2.2 to 24.8 ppb, Ochratoxin A ranged from 1.2 to 44 ppb
and Zearalenone ranged from 2 to 23 ppb. Six samples out of
20 (30%) were free from aﬂatoxin (<1 ppb), 3 samples (15%)
free from ochratoxin A and 11 samples (55%) were free from
zearalenone. From these results, we concluded that natural
Table 1 Sources and types of 40 fodder samples collected from Saudi Arabia.
No. Type place Source No. Type Place Source
1 Barley Jeddah Distributor 21 Compound feed Al-Riyadh El-waﬁi company
2 Barley Jeddah Distributor 22 Compound feed Al-Riyadh El-waﬁi company
3 Barley Jeddah Distributor 23 Compound feed Al-Riyadh El-waﬁi company
4 Barley Jeddah Vendor 24 Compound feed Al-Riyadh El-waﬁi company
5 Barley Jeddah Vendor 25 Compound feed Al-Riyadh El-waﬁi company
6 Barley Jeddah Vendor 26 Compound feed Al-Riyadh Vendor
7 Barley Jeddah Breeder 27 Compound feed Al-Riyadh Vendor
8 Barley Jeddah Breeder 28 Compound feed Al-Riyadh Distributor
9 Maize Al-Riyadh Distributor 29 Compound feed Al-Riyadh Distributor
10 Maize Al-Riyadh Distributor 30 Compound feed Jeddah Distributor
11 Maize Al-Riyadh Distributor 31 Compound feed Jeddah Vendor
12 Maize Hafer el Baten Vendor 32 Compound feed Jeddah Vendor
13 Bran Hafer el Baten Vendor 33 Compound feed Hafer el Baten Distributor
14 Bran Dammam Vendor 34 Compound feed Hafer el Baten Vendor
15 Bran Dammam Breeder 35 Compound feed Dammam Distributor
16 Bran Breda Breeder 36 Compound feed Dammam Vendor
17 Bran Breda Distributor 37 Compound feed Breda Distributor
18 Bran El-Kharg Distributor 38 Compound feed Breda Vendor
19 Bran El-Kharg Distributor 39 Compound feed El-Kharg Distributor
20 Bran Hafer el Baten Vendor 40 Compound feed El-Kharg Vendor
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with ochratoxin A (85%) and aﬂatoxin (70%). Contamination
of natural feed samples with zearalenone was moderate (45%).
These contaminations could be due to purchase of a low qual-
ity corn, barley and wheat or to factors increased formation of
mycotoxins in feed ingredients during storage. Results revealed
that trace levels of AFL and OTA were detected in compound
feed. However, none of these positive samples was above the
level of 6.5 ppb. Out of 20 samples of compound feed, 5%
of the samples were clean and free from contamination with
either aﬂatoxin or ochratoxin, three samples (15%) were free
from either aﬂatoxin or ochratoxin A. Range of contamination
of compound feed samples with aﬂatoxin and/or ochratoxin A
was ranged from 1.3 to 6.4 ppb and 1.9 to 4.7 ppb, respec-
tively. Zearalenone was less common in these samples (data
not shown). Comparing samples contamination of natural feed
and compound feed, the results reﬂected a high incidence of
mycotoxins in natural feed samples tested Compound feed
was les contaminated with mycotoxins which may due to Qual-
ity Control Laboratories inside and outside the manufacture
place. High contamination with aﬂatoxins in imported maize
samples collected from various farms in Riyadh region of Sau-
di Arabia (Ewaidah, 1992a) and in Germany (Veldman et al.
(1992). Less samples contamination in feed production unit
in Kuwait for mycotoxin where repeated analysis revealed
average aﬂatoxin concentration in maize at 0.27 ppb, soybean
meal at 0.20 and wheat bran at 0.15 ppb (Beg et al., 2006).
The limit of <20 ppb of mycotoxin was allowed for fodder
samples and more than this limit was not allowed to be used
for animal feeding (FDA, 1997). It is clear that some samples
of natural feed were contaminated with high level of mycotox-
ins which exceed the regulatory limit. On contrast, the com-
pound feed samples contained less contamination with
aﬂatoxin and ochratoxin which was less than 20 ppb (regula-
tory limit). During manufacture of compound feed, grains
and plant products were collected and level of contamination
with mycotoxins was detected. The products which had high
contamination of mycotoxins were avoided. In a survey inSaudi Arabia, 65 samples out of 101 maize samples analyzed
were found contaminated with aﬂatoxins and 45 samples were
above the present FDA guidelines (20 ppb), ranged from 6.2 to
390 ppb (Ewaidah, 1992a). A total of 843 commercial animal
feed and foodstuff samples from all over the Kingdom of Sau-
di Arabia were found contaminated with different level myco-
toxins (Al-Julaiﬁ and Al-Falih, 2001). Similarly, the results of
Veldman et al. (1992) showed that feed components are often
contaminated mycotoxins and contamination level could only
sporadically cause production losses in animal husbandry. On
contrast to the previous surveys, anther one was carried in
Saudi Arabia by Ewaidah (1992b) who found that aﬂatoxins
and ochratoxin A were not a problem in four grades of wheat
grains used for animal and human feed. A signiﬁcant problem
for the US feed industry is that corn contaminated with more
than 20 ppb of aﬂatoxins is no longer ﬁt for the feed of imma-
ture animals or milk producing animals (FSCRO, 2005). With-
in a few days of eating aﬂatoxin contaminated feeds, there is a
signiﬁcant reduction in the milk yield of lactating cows (CAST
2003). Similarly, Aﬂatoxin levels in market maize used as fod-
der in Kenia indicate widespread aﬂatoxin contamination,
(55% of the maize samples had levels greater than the regula-
tory limit of 20 ppb, (35%) of the samples had aﬂatoxin levels
>100 ppb (ﬁve times the regulatory limit), and (7%) had levels
>1000 ppb. Aﬂatoxin levels ranged from 1 ppb (the lower lim-
it of detection) to values as high as 46,400 ppb (Lewis et al.,
2006). High level of contamination was reported by Averkieva
(2009) who gave an overview of the occurrence of 124 myco-
toxins including fumonisins, zearalenone, HT-2 toxin, ochra-
toxin A and roquerfortine C in feed grade wheat harvested
in 2008 in three European countries: Czech Republic, Den-
mark and Hungary. The most frequently isolated ﬁeld-growing
fungi on Austrian maize are F. sacchari and F. graminearum
(Murkovic et al., 1997). These fungi are responsible about
maize contamination with zearalenone. Contamination of feed
and food by mycotoxins are very dangerous and increasing
problem for man and animals. Many author reported that aﬂa-
toxin is the most potent naturally occurring carcinogen known
Table 2 Total counts (TC per g), number of appearance out of 20 samples and occurrence remarks of fungal species recovered from
barley, corn and bran samples at 28 C for 10 days on two cultural media (Czapek-Dox and Oat meal agar).
Fungi detected Media used
Czapek-Dox Agar Oat meal Agar
Occurrence
remarks
No. of appearance/
20 sample
TC/g dry
matter · 103
Occurrence
remarks
No. of appearance/
20 sample
TC/g dry
matter · 103
Aspergillus 223 252
A. candidus M 7 19 M 11 29
A. clavatus M 7 13 M 7 18
A. ﬂavus H 15 33 H 15 15
A. fumigatus H 15 33 H 15 33
A. nidulans R 3 21 R 5 44
A. niger M 11 26 M 11 33
A. nomius R 1 2 R 4 17
A. ochraceous H 15 28 H 15 28
A. oryzea R 1 19 M 12 23
A. parasiticus M 13 8 H 15 18
A. raperi M 5 9 R 5 12
A. terreus M 12 12 M 12 22
Penicillium 60 66
P. notatum R 4 8 R 4 11
P. citrinum M 7 11 M 7 15
P. nigricans R 3 5 R 3 19
P. expansum R 1 2 R 3 4
P. chrysogenum M 10 17 M 10 2.7
P. islandicum R 2 7 R 2 9.0
P. lanosum R 7 10 M 7 15
Fusarium 29 29.8
F. solani R 4 2.7 M 5 5.6
F. oxysporum M 11 11 R 3 9.6
F. coeruleum M 7 11 R 1 6.3
F. graminaerum M 7 5 M 5 8.3
Alternaria 20
A. alternata M 7 10 M 7 11
A. chlamydospora M 8 10 M 8 15
Mucor 29 30
M. pusillus M 2 4.9 R 3 5.1
M. mucedo R 0.0 0.0 R 1 3.9
M. hiemalis M 10 12 R 2 10
M. racemosus R 4 12 R 4 12
Curvularia 29 30
C. intermedia M 7 15 R 4 11
C. tuberculata R 3 11 R 2 10
C. pallescens R 3 3.2 R 4 8.9
Paecelomyces 25 25
P. minioluteum M 5 16 R 4 12
P. crustosum R 4 5.2 R 4 6.0
P. fellutanum R 4 8 M 7 7
Trichoderma sp. R 2 6 R 3 11
Eurotium echinulatum M 12 14 R 4 10
Epicoccum purpurascens M 7 8 M 5 11
H: High occurrence more than 15, M: Moderate more than 5, R: Rare: less than 5.
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and animal species. Although it generally takes relatively high
levels to cause mortality, low levels can be detrimental if con-
tinually fed. As a general rule, living organisms should not re-
ceive more than 20 ppb aﬂatoxin in the diet. However, feeding
levels lower than 20 ppb may still reduce their resistance to dis-
ease; decrease their ability to withstand stress by inhibiting theimmune system (Yaling et al., 2008). This malfunction can
reduce growth and cause death in farm animals such as dairy
and feedlot cattle, camel and poultry since their normal feeding
involve a high intake of concentrated feeds. Camels are very
sensitive animals and exposure to low level of mycotoxins
may pose series risk and cause death. In addition, one must
pay special attention to the use of contaminated grains to feed
Table 3 Occurrence remarks of fungal genera and species total counts (TC/g), number of appearance out of 20 samples and recovered
from compound feed at 28 C for 10 days on two cultural media (Czapek-Dox and Oat meal agar).
Fungi detected Media used
Czapek-Dox Agar Oat meal Agar
Occurrence
remarks
No. of appearance/
20 sample
TC/g Dry
matter · 103
Occurrence
remarks
No. of appearance/
20 sample
TC/g Dry
matter · 103
Asperigillus 54.3 70.1
A. ﬂavus H 20 12.2 H 20 13.2
A. fumigatus H 14 6.4 H 20 8.4
A. versicolor R 1 11.5 R 4 17.5
A. parasiticus H 13 11.2 H 18 12.0
A. sydowii R 1 6.8 R 4 8.8
A.ochraceus H 11 7.2 H 17 11.2
Penicillium 31.9 42.3
P. citrinum M 12 7.2 R 3 10.2
P glabrum M 14 9.8 M 7 9.8
P. rubrum M 12 6.0 R 3 8.4
P. oxalicum R 2 9.9 R 3 13.9
Fusarium 18.0 28.5
F. solani R 4 11.0 R 1 9.0
F. oxysporium M 7 5.0 M 5 5.3
F. coeruleum M 8 1.9 M 8 5.0
F. graminaerum M 7 1.1 M 5 9.2
Alternaria 31.2 10.8
A alternate M 14 6.9 M 11 1.1
A solani R 4 13.8 R 4 3.8
A. tenuis R 4 6.8 R 4 1.1
A trtiticina R 4 3.7 R 1 4.7
Mucor 16.1 15.2
M. circinelloides M 5 2.2 R 4 2.2
M. hiemalis M 5 6.4 M 7 6.4
M racemosus M 3 7.5 M 7 7.5
Cladosporium sp. M 3 4.5 M 7 6.8
Absidia R 1 4.3 R 4 6.3
Acremonium strictum R 1 6.8 R 1 7.8
Botrytis cinerea R 1 1.4 R 2 1.6
Curvularia lunata R 1 2.3 R 2 2.5
Geotrichum candidum R 3 1.1 R 3 1.2
Humicola brevis R 0 0.0 R 1 1.2
Mycelia sterilia R 1 1.2 R 2 1.6
Rhizopus oryzae M 5 3.9 M 8 4.9
Scopulariopsis brevicaul R 0 0 R 1 1.4
Trichoderma spp. M 3 8.0 M 10 8.6
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food and aﬂatoxin metabolites have been found in meat, (Os-
man et al., 2008) and milk (Abd Alia et al., 2000). Aﬂatoxins,
especially B1, have been tested extensively for gene-toxicity. It
induces DNA damage, gene mutation, chromosomal anoma-
lies and cell transformation in mammalian cells in vitro. For
this type of carcinogen, it is generally felt that there is no
threshold dose below which no tumor formation would occur.
In other words, only a zero level of exposure will result in no
risk (FAO/WHO, 2004).
Contamination of fodder samples with OTA is increasing
problem because it is widely distributed in cereals (mainly
wheat, barley, maize and oats). It has been shown to be neph-
rotoxic, hepatotoxic, carcinogenic, teratogenic and immuno-
toxic to several animal species and to cause kidney and liver
tumors to many animals (Castegnaro et al, 1998; Zeljezicet al., 2006). In addition, it is suspected to be involved in the
Balkan Endemic Nephropathy, a fatal kidney disease and to
be associated with urinary tract tumors in Tunisia and Egypt
(Maarouﬁ et al., 1995; Wafa et al., 1998). OTA is frequently
found at different levels in human blood of both healthy peo-
ple and individuals suffering from kidney diseases (Breitholtz-
Emanuelsson et al., 1994). The widespread occurrence of OTA
in human blood provides evidence of a continuous exposure to
this mycotoxin through the ingestion of contaminated food.
Do¨ll et al (2002) reported that corn contamination with Fusar-
ium toxins which were very dangerous to animal and human
health.
In conclusion, food safety has become an increasingly and
important issue for all sectors of the fodder industry. Fodder
samples collected from Saudi Arabia are contaminated with
fungi and mycotoxins especially aﬂatoxins, ochratoxin A and
Table 5 Sample numbers, percentage of moisture content, number of fungal isolates, percentage of toxigenic isolates in addition to
quantities of aﬂatoxins and ochratoxin A (ppb) of twenty collected compound feed samples.
Sample
number
% of moisture
content
No. of fungal
isolates
No. of toxigenic
isolates
% of toxigenic
isolates
Quantity of the toxin
detected (ppb)
AFT OTA
21 10.1 17 3 17.6 5.2 3.2
22 11.0 13 1 7.6 3.1 3.4
23 10.8 13 2 15.3 1.66 4.7
24 10.0 14 1 7.1 1.33 2.7
25 10.0 12 1 8.3 6.4 2.4
26 11.9 17 1 5.8 1.3 1.9
27 12.0 17 1 5.8 4.0 3.5
28 12.0 24 4 16.6 4.4 4.7
29 8.9 12 1 8.3 2.8 2.6
30 8.9 12 1 8.3 <1 4.0
31 10.3 19 1 5.2 2.5 3.1
32 13.0 20 2 10.0 5.8 2.3
33 13.0 20 2 10.0 3.3 4.0
34 11.8 22 2 9.0 4.3 <1
35 12.0 20 1 5.0 5.2 <1
36 12.0 20 1 5.0 <1 <1
37 12.0. 22 1 4.5 <1 3.5
38 8.9 11 1 9.0 4.3 3.9
39 11.4 15 3 20 8.0 7.9
40 9.9 10 2 20 11 6.9
AFT: total aﬂatoxin, OTA: ochratoxin A.
Table 4 Sample numbers, percentage of moisture content, number of fungal isolates, percentage of toxigenic isolates in addition to
quantities of aﬂatoxins, ochratoxin A and zearalenone (ppb) of twenty collected natural feed samples.
Sample
number
% of moisture
content
No. of fungal
isolates
No. of toxigenic
isolates
% of toxigenic
isolates
Quantity of the toxin detected
(ppb)
AFT OTA ZON
1 9.0 33 2 6.2 <1 2.7 11.0
2 11.0 28 3 10.7 6.3 3.0 8.0
3 9.5 17 3 17.6 11.0 1.8 15.0
4 11.0 24 4 17.0 24.4 2.1 <1
5 8.0 24 2 8.3 24.8 1.2 17.0
6 11.0 16 1 6.2 <1 <1 7.0
7 9.5 13 2 15.3 20.9 3.5 <1
8 12.0 11 2 18.1 6.1 2.4 <1
9 10.3 18 1 5.5 <1 <1 7.0
10 14.0 23 4 17.3 <1 <1 23.0
11 11.0 9 2 22 4.7 13.4 <1
12 14.0 13 1 7.6 <1 26 11.0
13 17.0 13 4 30.7 2.2 44 17.0
14 13.0 11 1 9.0 2.2 3.8 2.5
15 19.0 16 1 6.2 <1 3.0 2.0
16 8.9 11 2 18.1 4.7 6.2 <1
17 9.4 16 2 12.5 5.3 5.3 <1
18 9.0 18 2 11.1 3.8 5.2 <1
19 9.0 16 2 12.5 3.0 2.8 <1
20 9.0 17 3 17.6 3.8 3.8 <1
AFT: total aﬂatoxin, OTA: ochratoxin A, ZON: zearalenone natural feed ingredients.
Implications of fungal infections and mycotoxins in camel diseases in Saudi Arabia 79zearalenone. Natural feed (grains or bran) was more contam-
inated than compound feed which was under the regulatory
limit. To promote safety, a growing number of fodder produc-
ing companies are adopting fodder quality assurance
programs, which stimulate actions for all aspects of fodderproduction to reduce the risk of fodder becoming contami-
nated with mycotoxins. These actions include making efforts
to ensure that animal feeds are mycotoxin free and reﬂected
the need for routine surveillance of agricultural commodities
to minimize potential hazards to human health.
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